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SUMMABY 


On. the haBlB of the linearized theory of Bupersonio flow, equations 
are derived for the wave drag of swepthack untapered wings at zero lift 
with thin douhle-wedge sections and arhitrary chordwise location of 
maximum thickness. Calculations are presented for a representative 
supersonic plan form. 

The optimum location of maximum thickness for untapered supersonic 
wings is found to he at ^0 percent chord, a symmetrical variation in 
wing wave— dreig coefficient being exhibited about this minimum value. 

The drag variation is sli^t when considerable sweep behind the Msch 
lims is present and the variation is marked at Mach numbers where the 
wixig approaches or is swept ahead of the i&ch lines. 

It is found tliat for tapered plan forms the sweep of the line of 
ma-riitTi]Tn thickness is an Important sweep parameter insofar as drag due~tb 
thickness is concerned. 


IHTRaDUCTIQN 


A recent application (reference 1) of the linearized theory to the 
calculation of supersonic wave drag at zero lift of delta wings indicates 
that minimum drag for any double-wedge delta wing with sufficient sweep 
behind the Mach lines is obtained with location of maximum thickness at 
10 to 20 percent chord, (In reference 1 and in the present paper the 
conventional definition of "delta plan forma" is modified to Include 
those with sweptback trailing edges.) For a given delta plan form, a 
variation in maximum-thickness location necessarily implies a variation 
in the sweep of the line of maximum thickness and, therefore, no general 
predictions can be made for the drag effects induced by each parameter 
considered separately. In fact, there is evidence (see reference 2) to 
suggest that the sweep of the maximum-thickness line may be an important 
sweep parameter Insofar as drag due to thickness is concerned. Hence, 
the problem of isolating the effects of ohcrdwise location of maxiimim 
thickness immediately presents itself. 
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Thla problem is treated In the present paper by applying the method 
of reference 3 "fco derive the generalized wave-drag equations of swept back 
untapered wings at zero lift having thin double— wedge sections with 
arbitrary maximum-thickness location. 03ie wing tips are chosen parallel 
to the direction of flight and the range of supersonic Mach number for 
which the wing is swept ahead of and swept behind the Mach lines is con- 
sidered. O^srpical distributions of -section wave drag and wing wave-drag 
calculations are presented. Ccanparisbns are made with two-dimensional 
theory and with results obtained for tapered wings. 


SYMBOLS 


x,y,z 

V 

P 

Ap 

<S> 

M. 


Cartesian coordinates 
velocity in flight direction 
density of air 
pressure increment 
dynamic pressure ^ 

disturbance— velocity potential 
Mach number 





1 


dz/dx 

e 

c 

h 

t 

A 


m 

b 

d 

m 


slope of airfoil surface 
half-wedge angle 

chord length, measured in flight direction 

location of maximum thickness, measured from leading edge 

maximum thickness of section 

angle of sweep, degrees 

slope of leading edge (cot A ) 

span of wing 


S 


wing area 
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A 

X 





Cd 


\ 

Oj) 


aspect ratio 

taper ratio (ratio of tip chord to root chord) 

section, vare— drag coefficient at spanwise station y 
exclusive of tip effect 

increment in section wave-drag coefficient at spanwise 
station y due to tip 

section wave-drag coefficient at spanwise station y 

wing wave— drag coefficient exclusive of tip effect 

increment in wing wave-dreg coefficient due to tip 

wing wave-drag coefficient (Ct) + Crj ) 

V "eo "tip j 


ANALYSIS 


The analysis is essentially that used in references 2 aM 3, For 
convenience, a "brief outline of the "basic equations is presented. 

The assumptions of small disturbances and a constancy of sonic 
velocity throughout the fluid lead to the linearized equation for the 
velocity potential cp 


where M is the Jfech number of the flow and the derivatives are taken 
with respect to the variables x, y, and z of the Cartesian coordinate 
system. On the basis of this linear theory, a solution for a uniform 
sweptback line of sources in the pressure field is derived in reference 3 
The pressure field associated with this solution corresponds to that over 
a semi— infinite sweptback airfoil of wedge section. The pressure coef- 
ficient Ap/q at a spanwise station y and point x alo^ the wedge 

f or mj3 < 1 is 


m 


^ £ tan e - 

* ” Vl-mV 


cosh 


-1 


„2 

X - mg y 
g|y - mx[ 


(2a) 
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and for > 1 


£2 . 2 ta. e . ■ 008-^ y , 

2 ” -1 P|y-nl| 


(2b) 


where m is the slope of the leading edge 

wedge angle (tan 9^9 since the angle is 
and the origin of the line source is taken 

between the leading edge and the Mach cone 


of the wing, 9 is the half— 

Boall), P = \/m^ - 1 , 

at (0,0), In the region 

(that is, ^ X < y < rax). 


the real part 
Equation (2b) 


^-1 X - m3 y 

of cos - ■ ■ ■ ■ ■ 

ply — mxl 
then reduces to 


is constant and equal to 


jr. 


q 


m 

2 tan 9 — 

/in^p^ - 1 


(2c) 


The distribution of pressure over sweptback wings of desired plan 
form and profile is obtained by appropriate superposition of wedge— type 
solutions# In order to satisfy the boundary condition over the surface 
of an untapered wing of double-^edge section, semi— infinite line sources 
are placed at the leading and trailing edge of the wing and a semi- 
infinite line sink is placed along the line of maximum thickness# The 
strengths of these lines are proportional to the wedge angles; therefore, 
in superimposing solutions of the type given in equations (2), the 
appropriate G far each line source and sink must be found# The correct 
wedge angles necessary to obtain a double-wedge section of length c, 
maximum thickness t, and location of maxlraiim thickness h are (see 
fig. 1) 
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Q 

Leading 
line eource 

e 

Trailing 
line source 

e B 

Line sink 


(It is comrenlent to e:^ess the angles in terms of the section thichness 

ratio as can he seen hy reference to the drag integrals*) At the 

tip where the wing is cut off in the fli^t direction, reversed distri— 
hutlons of these sinks and sources are placed so as to cancel e^ctly the 
effects of the original distrihutlcan. farther spanwlse than the tip, 

Figure 1 shows the distrlhutlons of sinks and sources for an untapered 
wing of douhle-wedge section and identifies the system of axes and symbols 
associated with the derivation of the drag equations. 

The disturbances caused hy the elementary line sources and sinks are 
limited to the regions enclosed by their Mach cones; the Mach line con- 
figuration is presented in figure 2. For purposes of sin^lification the 
wings considered were restricted to those with no tip effects other than 
the effects each tip exerts on its own half of the wing. 

The pressure coefficients obtained from superposition of solutions 
given in equations (2) are converted into dreig coefficients by the 
following relations: ’ -- 



nh/2 1 ^ fb/2 / 1 T.E 




m 


where h is the wing span; S is the wing area; dz/dx is the slope 
of the airfoil surface; and L.E. and T.E. denote leading edge and 
trailing edge, respectively. 


DERIVATION OP GENERALIZED EQUATIONS 


The drag equations are derived for half of the wing since the 
drag is distributed symmetrically over both halves. The Induced effects 
of the opposite half-wing are represented by the con^gate terms in the 



IntegrsLnds of the drag integrala. (The conjugate terms are obtained by considering the symmetrical 

*1 -t -nn n IMA AH ^ MA H-? 'Aim /vrj *1- 1\A a ^ 

eiX'/'CLM^OilDXli/ V± ^XAUS O^UJ. ^WJUL O. C^AXDkO UV^V^rr JV — i P • / 

d /t 

For a double-vedge profile, ^ ^ leading edge to the maxlanm-thichness location 


^ dz ; 

dx “ “ 2(c 


b«(|) 


from the maadmum-thicknesB location to the trailing edge* The generalized 


equations, exclusive of tip effects, are obtained as foUoire: (See fig* 3 fcr Infoomiatlon pertinent 


+ /\ T^wi'5'Ho ^ 

uv/ «^v.a.v/A^ • j 


For mP ^ 1, 


^2„2 

V j. — m p ^ 

8m(t/c)^ 


I2I2 P'b/2 

JT VJ. - HI p / • . . 

5— ceu® ^ 

hm(t/c)^ ^ 


.2 M M .3 / 

^Jo Vo' 


^2 fi-nd 


B dx dy 


nmd P- 


t j ’ 1 “ B dx dy + 

Ja Jjm 


nind n • 


Jo JcS 


„£!S° 




, y+nB 

p f— 

J ^(c-h) i-r-Hnh 


C dx dji + 


me 7 +nh , y+fflh 

jm(p-h), J_^ 

l-inp 1-^np 


1 f 


11 


‘Oil HL VO¥H 



where A, By and C> which refer to the pressures resulting frou the leading line sourcesy line slnhsy 
and trailing Ilxje sources, respectlTely, are as follows: 


A B coelT^ y . . ? ". 4 coah'“^ £ + . 

Ply-mcl Ply + mrl 

B = cmB-I ■ ^ A- - .2S. V - t f-.i * . 

ply - »(x - h)[ Ply + m(3C - h)| 


C . coerl .i f - J= - - . aP - V + oodrl 

p|y-a(x-c)| Ply + m(x-c)| 



£ifCT ’OH m VDVH 
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where D and E, which refer to the pressures resulting from the leading 
line sources and from the line sinks, respectively, are as follows; 


D = 


cos 


,-l 


p 

X ~ mp y 
ply - nal 


+ cos 


.-1 


X + PiP^ 

Ply + mx| 


E = 


cos 


,-l 


X - h - mp^ 
Ply - m(x - h)| 


+ cos 


.-1 


X — h + mP^ 

P ly + m(x - h)l 


It should he noted that equations (5) give the drag for plan forms where 
the tip is placed farther spanwise than the points of intersection 
between the Mach lines and the leadiiig and the trailing edges (see fig, 3) • 
Deletion of certain integrals and appropriate changes in the y— limits of 
other Integrals may be made for configurations where the tip is placed 
nearer the root chord. Equations (5) are evaluated and the resulting 
section wave-drag and wing wave-drag formulas for all untapered plan forms 
are presented in appendix A. 

It was stated previously that the wings considered have no tip effects 
other than those each tip exerts on its own half of the wing; that is, the 
Mach lines from one tip do not enclose any part of the opposite half— wing. 
This condition is expressed mathematically as follows: 

For mP < 1, the aspect ratio 



(6a) 


and for mp > 1, the aspect ratio 


A > 


2m 


* mp + 1 


(6b) 


The wave-drag contribution of the tip for mp < 1 is (see fig, 3) 
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flS 7l - c c dy 

am(t/c)^ ^tlp 4m(t/c)5 Jnd(l+3n3)-^ <itip 


o2 

^ indfl+mP)--inh 

l+ln^ 


^ F ax ay 

,a.(l+3nP)-yP 


Uh(c — h) 


L 




L+mP 

,Cl+TnB)-aBg 


l+np 


p£tB£ 

^ F ax ay 
La.(l+inP)— yP 


niad 

1 

|md(l+mP)-Bih , 


1+mP 

XU 


c3 


na. 


^li(c — h.)^ ,1 md-fl+inP )-mfe — h) 

1+mP 


y+mo 

“ G dx dy 
'd(l+mp)+h— yp 


(7) 


where F «r>«^ G, which refer to the pressures resulting from the leading 
line sink and from the line source, respectively, are as follows: 


F « coBh-^ X - ^ 7 aP^,(.7..r,Ml 

Ply - MX 


G 


cosh-1 X - d - h ^ mp (y -- mi) 
Pjy - m(x - h) 


For mP> 1, equation (?) is still valid if \/ 1 - m^P^ is changed to 
nnfl the inverse hyperbolic function coshrl is changed to 
the inverse cosine function cos 

Equation (?) is evaluated and the results presented in appendix B. 
The total wave-drag coefficients are then obtained by the following 
relations: 
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®d “ + °d. 


tip 




tip 


> 


( 8 ) 


It Is found that 0^. Is identically eoual to zero and. hence, 

"tip 

s for wings satisfying the aspect-ratio limitations imposed in 
equations ( 6 ) . 


When the expression for Cp is differentiated with respect to h 
in order to find an optimum maxiimuft-thlclaiosB location, it is found that 



( 9 ) 


and that the drag function is minimi zed at this value of h independently 
of the other parameters. It is also seen from the drag equations that 
the distributions are s^moietrlcal about this minimum point. 


RESULTS AND DISCUSSION 


For calculation purposes, an untapered plan form of aspect ratio 2 
and sweepbaclc of 6(fi has been used. Equation ( 9 ) indicates that the 
trends obtained for this representative plan form are equally valid for 
all iintapered wings with double-wedge profiles. The resixlts may be 
assximed to have qualitative application to curved profiles without cusps. 

Section wave drag .— Spatiwise distributions of section wave-drag 
coefficient are shown in figures 4 and 5 for Mach numbers of 1.4l4 and 3 , 
respectively. At a Mach number of l,4l4 the wing is swept behind the 
Mach lines, and at a Mach luimber of 3 the wing is swept ahead of the 
Mach lines. In each figure maximum-thickness locations are varied from 
20 percent chord to 80 percent chord. Variations in maximum-thickness 
location need actually only be considered up to 50 percent chord} the 
results for any arbitrary percent chord k and (lOO — k) are equal 
because of symmetry considerations, (See drag equations in appendix A.) 
When the wing is swept behind the Mach lines (fig. 4), the centroid of 
the drag forces on a wing panel moves noticeably inboard with forward 
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or rearward shift of the Tna-rSmmn thickness from the midpoint position. 

When the wing is swept ahead of the Mach lines (fig. 5)# little change 
is noted in the centroid. 

Wing wave drag .— Variation of wing wave— drag coefficient with Mach 
numher is shown in figure 6, As was mentioned previously in the 
mathematical discussion of the drag equations, the symmetrical sectio n 
is seen to he the optimum profile for an imtapered plan form insofar as 
wiin-tTnnTn drag is concerned. The variation of wing wave-drag coefficient 
with maaimum-thickness location does not appear to he too significant 
when the wing is swept far behind the Mach lines; however, as the 
"critical" condition is approached (that is, m3 = l) the variation 
becomes more noticeable. There is seen to be a marked drag variation 
with maximum-thickness location in this region and for Mach numbers where 
the wing is swept ahead of the Mach lines. 

Figure 7 is, in effect, a cross plot of figure 6 and presents vari- 
ation of wing wave-drag coefficient with maximum-thickness location for 
Mach numbers of l,hl4 3, The jjrevious remarks are clearly illustrated 
in this figure by the flat ovacve at the lower Mach number and by the curve 
with a well-defined mlnlimam at the hlg^r Mach number. 


Ccmnarison with two- fl^mAnHlonal theory.- If m approaches infinity 
(that is, a rectangular plan foim), the drag equation reduces to 


% 1 pg 

(t/c)g Vm 2 - 1 liCc - h) 


( 10 ) 


which is exactly the result obtained by Ackeret for two-dimensional 
flow (see reference b) . This result is expected since the plan forms 
considered have zero increment in wing wave dreg due to the wing tip, 

'Phft two-dimensional (Ackeret solution) and three-dimensional (swept— 
back wing) results, therefore, exhibit the same queilitative drag effects 
due to variation in maximumr-thickness location — that is, a drag vari- 
ation symmetrical about a minimum value at 50 percent chord. Of course 
the quantitative results are quite different, the three-dimensional 
value being lower when considerable sweep behind the Ifach lines is present 
and the two-dimensional value being less for other conditions. Figure 8 
presents the variation of two-dimensional drag with Mach number for 
different maximum— thickness locations, Ccanparison with the three- 
dimensional result for the wing of aspect ratio 2 and sweepback of 60 ° 
is also indicated in this figure. 

Comparison vitb tapered wings .— The results presented in reference 1 
for a given delta plan form (X = 0) indicate an optimum maximum- 
thickness location at 10 to 20 percent chord when the wing is swept 
siLfflclently behind the Mach lines. The results obtained in the present 
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investigation for untapered vlngs (X « 1) indicate an optiraim msucimuBi- 
thickness location at 50 percent chord. Hence, the optimum location for 
any arhitrary and conventional tapered wing (0 ^ X ^ 1) with sufficient 
sweep "behind the Mach lines approaches the 10-percent to 20-percent value 
for email taper ratios (large taper) and the 50— percent veilue for large 
taper ratios (small taper). 

For a given delta plan form, the sweep of the maximum-thiclmees line 
varies with the location of maximum thickness and thus no predictlcai can 
be made fca? the drag effects induced by each parameter considered aepa:- 
rately. For an untapered wing, however, the effects of maximum-thickness 
location are Isolated since the sweep of the maximum-thickness line 
remains constant. Inasmuch as the present results indicate an adverse 
drag effect due to shifting the maximum-thickness location forward of the 
50-percent location, the optimum location of maximum thickness for the 
delta vlngs of reference 1 of between 10 and 20 percent chord must result 
from the Increased sweep of the line of maximum thickness at the forward 
location. The sweep of the line of maximum thickness thus appears to be 
an important sweep parameter for tapered wings Insofar as drag due to 
thickness is concerned. This Inference is further supported in reference 2 
in which the section wave-dr«ig coefficient at the root of tapered wings is 
found to be a function of the Mach number and the sweep of the maxlmiun- 
thickness line and is found to be Independent of leading-edge and trailing- 
edge sweep. 


COKCLUSICWS 


T^e following conclusions refer specifically to nonlifting vlngs 
with double— wed^ profiles but may be assumed to have application tQ 
curved supersonic profiles without cusps: 

1. The optimum location of maximum thickness for untapered supersonic 
wings is at 50 percent chord, a sjnanetrical variation in wing wave-drag 
coefficient being exhibited about this minimum value similar to that found 
in two-dimensioneO. supersonic flow, 

2. The variation of wing wave-drag coefficient with maximum-thickness 
location is slight when the wing is swept far behind the Mach lines and 

is marked at Mach numbers where the wing approaches or is swept ahead of 
the Mach lines. 
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3. The sweep of the line of maximum thickness is an iUQjortant 
sweep parameter for tapered wings insofar as drag due to thickness is 
concerned. 


Langley Memorial Aeronautical Lahoratcry 

National Advisory Ccmmittee for Aeronautics 
.Langley Field, Ta,, October 3 I, 19^7 
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APPEMDU A 

EVAniATIONf OF IQUATIONB (5) FOR SECTION WAyE DEAG.ABD WING 
WAVE DRAG EXCLUSIVE CF TIP EFFECTS | 


< 0.5^ 


cir 


\/l - 


4m(t/c) 


2 


= A + B 


Section Drag for 

ap< 1 



for 

f 

0< y 

B 


mh ^ ^ 



1 - mP 

B + C 


mfe - h) ^ 



1 - mp 


mh 


1 - mP 


1 - mp 


1 — mp 


where 


— A + B + C + D 


— 3S — < V < » 
1 - mp ^ 


A = 


&r . t . a h cosh“^ y.Q. ,t + iBb + h cosh“^ y.Cl b^ 6^) t ah 

4h2(o - h) L “ “P(2y + all) 

2k +, a(g - To) cosh“l + mfc - h) 

mp[2y + m(c — h^ 


4h(c - h)2 


m 


+ (o - h) oosh-i y(i - ~ 

m^(c - h)p 


¥hfc - h) 


.+ PP coeh“^ yIl+.A!).,+ ap + c cosh“^ .+, .n^c. 

mp(^ + me) _ . m^cp 


m 


- .?h + h^) K co8h“^ ^ 

m Pmp 


h^(c - h)^ 


*The equations are symmetrical about the point ^ = 0.5; for )l>0,5, 

/ Ti ^ 

use the same formulas and perform calculations for f $ ^ " n 


C kiBV 
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B = 


— h) 


cosh-i y(i r..J^ _ h cosh-i yfl kV) - nb 


m 




n^hp 


C = 


I i 27 - mfc - coBh“^ r(l + fflf.9 - hi 

m mp[2y — m(c — h.)]] 


lh(c — h)g 


— (c — h) cosh r( 1 ~ ^ ~ mf ? ~ , h) ^ 

n^(c — h)P 


and 


— c 


lth.(c — h-i 


2y - ffig cosh-i yC^ + - ag _ c cosh”^ y(i - ^P . ^) T . m 

mp(2y - me) 


m 


m^cP 


Section Brag for a^> 1 


cn \/mgpg 
lm(t/c) 




A + B + C 


for 


mh 




= B + C + B 


nh < < m(c - h) 

mP-1 =mP-l 


C + 2B 


- h) < T< PIC 


mP — 1 


mP - 1 


me 


mP - d 


<y < 


where 


A = 


ith^(c - h) L 


gy + Pih cos“^ y(l + cog-1 7(1 - + mh 


mP(27 + mh) 


m^hP 


B = 


hh(c - h)2 


Sy + a(g - b) coa-i j(I + ) + nfc - b) . 


cos 


m 


mp[^ + m(c — h^ 


+ (c — h) cos' 


-1 y(l - g^P^) + m(c - h) 1 
m.g(c — h)P J 
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c . "g- ar ,t.ag cos"^ rCl +. + 0 cor-^ 

l|-h(c - h) m m3(27 + me) 


Uh(c - h) 


Wing Drag for m 3 < 1 


sVl - Ct> 


= A + B 


■ <Bd 

1 - mp - 1 - mP 


= A + B + C 


^9 ~l Ji) < ml < ng— 

l_m3 ^ »l-mp 


= A + B+ C + D 


<« 

1 - mp 



HACA. UT ITo. 1543 


17 


vliere 


jno3 


l6h(c - h) 


4d(l — + h(3 - 


1 - m^pS 

-2«2, 


cosh-i 

S3h.p 


+ .(.g!l^. 4), A(1 -K m*"p^) h 

h iap(2(i + h) 

[2d + (c - IDl^ __ d(l ♦ mge^l 4. o - h 


o - h 


cosh" 


mp(2d + o — h) 


+ ~ B^P^) + (o - h)(3 — n^p2) d(l — m^p^) 4- c - h 

1 _ m2p2 a(c - h)p 

_ 4 d(l - m 2 p 2 ) + c (3 - m 2 p 2 ) d(l - + c 

1 - m2p2 “°P 

_ IgL±pf co8h“l ^(1 + 0 

c nip(2d + c) 

.2, 2 


_ e&:jc: - can- h‘) 1 -K n“p'‘ 

(c — h)ch 2mp 

j~\/d^(l - m^p^) + 2od + c® 

n o »- 


Vl - mV 

- Vd®(l - B®d®) + 2dli + h® - \/d2(l - m2^2) t 2d(o - h) + (o - h)2 


B 


mc- 


l6h(c - h) 


M r Mi „03h-i jg * - h 

li mp(2d - h) 


fl - m2p2 

Jfd(l - m2p2^ _ , ^,^2p2^ 

1 - m2p2 


cosh“l g£p^) 

mhp 


- h 
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me- 


l6h(c - h) 


+ h -- c)^ cosh“^ ^(1 + - (c - h) 


c — h 


mp(2d + h — c) 


+ - mV) - 2d(c - h) + (c - h)^ 

\/ 1 - m2p2 


_ 4d(l - mV) ~ (c - h)(3 ~ mV) 

1 -n^p2 


coah-l ^(1 - ~ (c 

m(c — h)p 




and 


mc3 


l6h(c - h) 


4^.- pap2) _ ,(3 _ ^^ 2 ) a(i - - c 

mep 


1 - m2p2 


- (2^ - c)^ cosh-1 d(l + m^p^) - c 2\/d^(l - m^p^) - 2cd + 

° - °> yr - 


KsVm^B^ - 1 

8m(t/c)2 


Wing Drag for mp > 1 
A + B + C for 


= B + C 


= C 




0 <md < ^ 

mp - 1 


... < md <S(c.-.jO. 

mp ~ 1 ■ mp - 1 


a^.9.- ^)<md < 

mp - 1 “ mp - 1 


me 
mp - 1 


<md < “ 
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co8~^ n^gg) ^ fa 
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B 
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l6h(c - h) 
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(c - h)(m2p8 - 3) + 4d(m232 _ 1) 2 2 

+ ■ cos*~^ d(l — m 6 I + c 

3 np(c — h) 


m2p2 ^ 1 




^^[(a2^2 - 3)(h e) - 4d(m2p2 _ i)J 
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l6h(c - li) 


« [8d(m2p2 ^ 1) + c(m2p2 _ 3)^ 


n 2 p 2 _ 1 




d2(l — a2p2) + god + qS ^ (gd + c)2 d(l + a^p^) + q 

o ap(2d + o) 


\/ 


a2p2 _ 1 
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Wing Drag for m3 « 1 


itS 


5/2 


8m(t/c) 


Cn 

2 ^ ' 6h3/2(, _ ^,3/2 [ 


(2d + c ~ \J ch 


+ (2d + h)3/2^c2 - ch - (2d 4. c)^^^\Jch - h® ] 



APEEHDIX B 


EVALUmON OF EQSJATIQHS (?) ?<» TIP EBTBCTS 
Pot aspect-ratio liaitatlonB, see equatl<»i8 (6). 

Section drag, nl^ < 1 


cirVl - ^ « 

I ' r, / \n B A + B + C 


where A is evaluated In the regloa r < y ^ nd and la equal to 

1 + mp ** " 



\/l - m2p2 

0 

1 

m 


mp(iad - j) 


n^c^ 


B is evaluated in the region J*— 7 . . ^) < y < ml and la equal to 

1 + mp ** “ 



\k - 

Uh(c - h)^ 

M ' 


- M) oo=h-l '^9 . - k- fc) + (c - hi coah-l (1 - »(° - h) 

“ wp(ad - y) m^(c - h)P 


i|2 


£i{QZ 'OS. m VDVH 



an3 C 1b evaluated In the region 


1 + m3 


— ^ X ~ W -6-(y — md) cosh ^ coeh ^ 

ih2(c ^ h) “ 


Section drag, mp > 1 


P . ^ . V i °¥ -Z j- c, = A + B + C 
hm(t/c)2 ^tip 


vhere A is evaluated In the region — S£ < y < md and is equal to 

1 + mp 

c2 s/ni^p^Vl I y + h(c ~ d) . _ ___i (l - m^3®)(y - md) + me 

. , - j; . Ji (y — mdj cosn ^ + c co8 — 




B iB evaluated in the region < y < n>d and le equal to 

1 + inP 


— rt3 r\/m2o2 , 




-- [V»“ H - _-(y _ ad) coBh"* y ., t . y .. r + (c - h) coe" 

hhfe — h)2 m m3(md — y) 


_i ^ ™2q2w 


iD?(c — h)P 
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Figure 1.- Symbols, wec^e angles, and distributions of sinks and sources for 

an untapered wing. 
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Figure 4*- Distributions of section wave drag for various maximum- 
thickness locations. Taper ratio, 1; Mach number, 1.414; aspect 
ratio, 2; sweepback angle, 60P. 
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Figure 5.- Distributions of section wave drag for various m axi mum - 
thlcKness locations. Taper ratio, 1; Mach number, 3; aspect ratio, 
sweepback angle, 60^. 
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Figure 7.- Variation of wing wave -drag coefficient with maximum - 
thickness location. Taper ratio, 1; aspect ratio, 2; sweepback 
angle, 60°. 
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Figure 8.~ Two-dimensional variation of wing wave -drag coefficient 
with Mach number for various maximum-thickness locations and 
comparison with three-dimensional resiilt for xmtapered wing. 
Aspect ratio, 2;.sweepback angle, 60°. 





